This paper deals with distributed control for a class of multi-agent systems composed of a lot of interconnected agents each of which has the first order dynamics. It is assumed that the interconnection can be described as an undirected graph. Then, a necessary and sufficient condition for stability of the closed-loop system is presented in terms of the distributed feedback gains. A sufficient condition for optimality of the system is further presented, where it is shown that the distributed feedback can minimize a quadratic performance index if a gain is selected sufficiently large. The results are also extended to the case that each of the agents has a higher order dynamics.
1.

N ẋi(t) = ui(t) + wi(t) 1 i ∈ {1, 2, . . . , N} xi(t) ∈ R ui(t) ∈ R wi(t) ∈ R i wi(t) = f
= ∞ 0 x T (t)Qx(t) + u T (t)Ru(t) dt 9 Q = (k d IN + kcLc) 2 −fLp(k d IN +kcLc)−(k d IN +kcLc)fLp 10 R = IN 11 k d kc Q > 0 B = IN (A, B) Q > 0 k d kc (Q, A) Riccati P A + A T P − P BR −1 B T P + Q = 0 12 P P 9 6) k d ≥ 0 kc ≥ 0 P = k d IN + kcLc ≥ 0 P 10 Q 11 R 4 12 9 u(t) = −R −1 B T P x(t) = −(k d IN + kcLc)x(t) 7 2 2 1 k d kc (k d IN + kcLc) 2 > (2fLp) 2 13 Q > 0 LcLp = LpLc k d kc k d IN + kcLc > 2fLp 14 Q > 0 A B AB = BA A ≤ B A 2 ≤ BfLp(k d IN + kcLc) = (k d IN + kcLc)fLp 14 13 13 Q > 0 > 0 1 2 (k d IN + kcLc) 2 + 2 f 2 L 2 p − fLp(k d IN + kcLc) − (k d IN + kcLc)fLp = { 1 (k d IN + kcLc) − f Lp} 2 ≥ 0 > 0 Q = (k d IN + kcLc) 2 − fLp(k d IN + kcLc) − (k d IN + kcLc)fLp ≥ (k d IN + kcLc) 2 − 1 2 (k d IN + kcLc) 2 − 2 f 2 L 2 p > 0 1 2 (1 − 1 2 )(k d IN + kcLc) 2 > f 2 L 2 p Q > 0 (1 − 1/ 2 )/ 2 = √ 2 13 2 1 13 14 k d 5 LcLp = LpLc 14 13 A B A 2 ≤ B 2 A ≤ B 7) 13 14 1 8 1/2 6) k d kc 1/2 k d kc 1 8 1 14 14 LcLp = LpLc 4. Lp Lc LcLp = LpLc 2 Fig. 1 Lp = ⎡ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 4 −1 −1 0 −1 −1 −1 2 −1 0 0 0 −1 −1 4 −1 −1 0 0 0 −1 2 −1 0 −1 0 −1 −1 4 −1 −1 0 0 0 −1 2 ⎤ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎦ 5 Fig. 2 Fig. 3 L (a) c = ⎡ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 2 −1 0 0 0 −1 −1 4 −1 −1 0 −1 0 −1 2 −1 0 0 0 −1 −1 4 −1 −1 0 0 0 −1 2 −1 −1 −1 0 −1 −1 4 ⎤ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎦ L (b) c = ⎡ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 3 −1 0 −1 0 −1 −1 3 −1 0 −1 0 0 −1 3 −1 0 −1 −1 0 −1 3 −1 0 0 −1 0 −1 3 −1 −1 0 −1 0 −1 3 ⎤ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎦ Fig. 4 Response for network system of L (a) c Fig. 5 Response for network system of L (b) c L (a) c Lp = LpL (a) c , L (b) c Lp = LpL (b) c f = 0.5, k c = 1.0 k d = 2.4 L (a) c L (b) c 1 2 L (b) c x(0) = 3 2 1 −1 −2 −3 T L (a) c
5.
n ẋi(t) = Aaxi(t) + ba (ui(t) + wi(t))
Lp 15
ẋ(t) = Ax(t) + Bu(t) y(t) = Cx(t) 18
18 20 
